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I . INTRODUCTION 


Many  military  explosives  are  used  in  weapons  as  damage  mechanisms. 
The  effectiveness  of  any  such  explosive  is  generally  measured  in  terms 
of  its  capability  of  producing  target  damage.  For  purposes  of  compari- 
son, the  effectiveness  of  various  explosives  is  often  expressed  relative 
-o  that  of  a "standard"  explosive  such  as  pentolite  or  TNT  under 
prescribed  conditions . 

For  many  years,  the  relationships  between  the  damage -producing 
capability  of  various  explosives  and  explosive-associated,  air-blast, 
shock-front  parameters,  such  as  peak  pressure,  positive  impulse,  arrival 
time,  and  positive  phase  duration,  have  been  studied  at  the  BRL.  The 
studies  have  shown  that  values  of  these  air-blast  parameters,  in 
particular  peak  pressure  and  positive  impulse,  or  a combination  of  these 
two,  for  different  explosives  can  be  used  to  determine  their  relative 
effectiveness.  This  report  presents  a comparison  of  the  relative 
effectiveness  of  four  plastic-bonded  explosives,  two  aluminized  and  two 
non- aluminized,  with  respect  to  a standard  (pertolite)  explosive  and 
shows  the  relationships  between  relative  effectiveness  and  certain  air- 
blast  parameters  for  each  of  the  explosives  considered. 

In  this  report,  the  effectiveness  of  each  of  the  four  plastic-bonded 
explosives  relative  to  that  of  pentolite  is  expressed  in  terms  of 
equivalent  weight  factor,  EWF,  of  the  candidate  or  test  explosive  being 
examined.  The  EWF  for  an  explosive  being  tested  is  the  charge  weight, 
Wx,  of  the  test  explosive  to  the  charge  weight,  Wg,  of  the  standard 
explosive  for  equal  gage  readings,  G,  of  one  or  more  selected  blast 
parameters  at  a distance  from  the  center  of  charge,  R,  for  the  test  and 
standard  oxplosives.  (Note  that  the  subscripts  x and  s are  used, 
respectively,  to  identify  values  of  characteristics  associated  with  the 
test  and  the  standard  explosive).  Symbolically  EWF  is  given  by: 


EWF  » 


(1) 


whero : 

W . W , G,  and  R are  defined  above, 

X s 

G = G = G , and 
x s 

R - Rx  for  the  test  explosive 

R s^R^/Wg^^  , a "scaled  distance",  for  the  standard  explosive. 
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Explosive  effectiveness  comparison  through  the  use  of  ratios  of  gage 
readings  of  air-blast  parameters  for  a particular  explosive  to  that  of 
a standard  explosive  is  explained  by  Cole1.  The  method  for  determining 
values  of  EWF  for  such  purpose,  on  the  basis  of  measurement  of  two  blast 
parameters  or  of  one  parameter  and  distance  of  measurement  from  charge 
center,  R,  has  been  outlined  by  Kinney2,  and  a particular  version  of 
this  method  using  measurements  of  peak  pressure  and  impulse  was  proposed 
by  Maserjian  and  Fisher3.  Details  for  application  of  the  EWF  methodology 
are  presented  in  a BRL  Memorandum  Report  by  Kingery  and  Jackson1*,  The 
use  of  EWF  in  connection  with  peak  pressure  and  positive  impulse  en- 
volves  consideration  of  the  following  scaling  laws  which  express  these 
two  air-blast  parameters,  respectively,  as  functions  f and  g of  the 
explosive  charge  weight,  W,  of  an  explosive  and  the  distance,  R,  of  the 
charge  center  from  the  point  of  parameter  measurement: 


where : 

PM  is  peak  excess  pressure  or  overpressure, 
I is  positive  impulse, 

1/3 

I/W  is  scaled  positive  impulse,  and 
W and  R are  as  previously  defined. 


V.  S.  Cole,  "The  Measurement  of  Underwater  Explosions  from  Service 
Weapons  at  the  Underwater  Explosive  Research  Laboratory , " Underwater 
Explosion  Re a ear oh,  Volume  1,  The  Shook  Wave , Office  of  Naval  Research, 
Department  of  the  Navy,  1950. 

2G.  E.  Kinney,  "Explosive  Shooks  in  Air,"  The  MacMillan  Company, 

New  York,  January  1962. 

V.  Maserjian  and  E.  M.  Fisher , "Determination  of  Average  Equivalent 
Weight  and  Average  Equivalent  Volume  and  Their  Precision  Indexes  for 
Comparison  of  Explosives  in  Air , " NAVORD  Report  2264,  U.  S.  Naval 
Ordnance  Laboratory,  White  Oak,  MD,  1951. 

V.  N.  Ki:igery  and  W.  F.  Jaokson,  "Blast  Sor>eening  for  Alternate  Explosive 
Fill  Program,"  BRL  Memo  Report  No.  2236,  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground,  MD,  1972.  (AD  #907354L) 
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II.  OBJECTIVES 


The  Department  of  Defense  initiated  a program  to  investigate  the 
influence  of  explosive  parameters  on  blast  performance,  i.e.,  cn  the 
terminal  effects  of  blast  damage  mechanisms.  The  BRL  was  charged  with 
obtaining  EWF  values  for  four  plastic-bonded  explosives  (see  Section 
I for  definition) , measuring  or  attempting  to  measure  air-blast 
parameters  in  the  fireball  region,  and  compiling  air-blast  parameter 
values  by  computer  code.  The  objectives  of  this  report  are  to  describe 
the  BRL  investigations  and  to  present  the  results  of  the  investigations, 
values  of  air-blast  parameters  and  of  EWF  for  the  explosives  considered. 


III.  EXPLOSIVES  TESTED 

The  terminal  effects  and  relative  effectiveness  of  four  plastic- 
bonded  explosives,  PBX-108,  PBX-109,  AFX-103,  and  AFX-702,  were  investi- 
gated in  the  BRL  effort  reported  on  here.  Two  of  these  explosives 
PBX-109  and  AFX-702,  are  aluminized;  and  two,  PBX-108  and  AFX-103  are 
non- aluminized.  Pentolite  was  used  as  the  "standard'*  explosive,  the 
basis  for  measurement  of  relative  explosive  effectiveness.  The  number 
of  rounds  of  each  explosive  used  in  the  tests  and  the  composition  and 
charge  weight,  W,  of  each  are  presented  in  Table  I. 

Table  I.  Explosive  Composition  arui  Charge  Weight 


Explosive 


Type 

Composition 

Charge  Weight,  W 
(kg) 

Rounds 

Detonated 

PBX-108 

RDX/Plastic  binder 

3.949 

6 

PBX-109 

RDX/A£/Plastic  binder 

4.221 

6 

AFX-103 

RDX/Plastic  binder 

3.949 

6 

AFX-702 

RDX/A£/Plastic  binder 

4.131 

6 

Pentolite 

PETN/TNT 

3.813 

20 

For  test  purposes,  all  of  the  explosives  were  cast  spherically, 

A 55g  booster  was  required  for  detonating  the  PBX  and  AFX  explosives. 
A conical,  molded  explosive  plug  was  used  for  centering  the  booster. 
M6  blasting  caps  were  used  as  detonators  for  all  rounds. 


11 


u vr.ir.iMrh.ii  iiirri 


IV.  EXPERIMENTAL  PROCEDURES 


Pressure -time  histories  of  pressure  variation  resulting  from 
detonation  of  an  explosive  at  sea  level  were  obtained  by  using  ten  gages 
in  various  location”!  (see  Figure  1)  relative  to  the  explosive  charge. 
Gages  1 through  6 were  located  3.6S8  metres  above  ground  in  free  air, 
and  gages  7 through  10  were  located  in  the  mach  stem  region.  The  gage 
housings,  which  were  stainless  steel  and  pencil  shaped,  contained  a 
piezoelectric  transducer  of  lead  raetaniobate  or  quartz.  Such  trans- 
ducers are  temperature  sensitive  and  several  methods  of  providing  thermal 
protection  or  shielding  were  employed.  Initially,  for  pressures  up  to 
500  kPa,  a black  electrical  tape  was  used  to  cover  the  transducers,  and 
for  pressures  above  500  kPa,  an  aluminum  paint  over  a special  primer 
was  used.  In  the  final  stages  of  testing  a heat  reflective  tape  with 
glass  cloth  backing  (3M  Company  Tape  No.  363)  was  used  for  pressures 
above  500  kPa. 

The  pressure  pulses  detected  by  the  gages  were  amplified  and 
recorded  on  a Honeywell  Model  7600  magnetic  tape  recorder  with  a band 
width  of  zero  to  eighty-five  kHz.  All  gages  had  source  followers  in 
the  probe  housing,  hence  extraneous  noise  due  to  long  cables  was 
eliminated. 


V.  ANALYSIS  OF  DATA 

Typical  magnetic-tape  recordings  of  pressure-time  histories 
obtained  in  the  investigation  are  presented  in  Figures  2 through  6. 
Figures  2 through  5 show  free-air-related  histories,  and  Figure  6 shows 
mach  stem  region-related  histories.  Figures  2,  4,  5,  and  6 present 
comparisons  of  histories  for  pentolite  and  the  aluminized  explosive 
PBX-109. 


Figure  3 presents  two  pressure-time  histories  for  the  PBX-109 
explosive  which  were  recorded  in  the  high-pressure,  fireball  region. 

The  upper  record,  which  is  also  shown  as  the  lower  record  in  Figure  2, 
is  the  only  fireball -region  record  for  an  aluminized  explosive  which 
was  not  destroyed  by  an  intense  electromagnetic  pulse  resulting  from  the 
detonation.  The  lower  record  in  Figure  3 is  typical  of  pressure-time 
histories  destroyed  by  this  phenomenon.  Of  course,  the  pulse  affected 
all  of  the  pressure-time  records  for  the  aluminized  explosives,  but 
only  the  records  of  histories  in  the  fireball  region  were  totally 
destroyed. 

The  pentolite  pressure-time  histories  have  the  same  pressure-time 
decay  characteristics  as  those  of  the  non-aluminized  explosives,  PBX-108 
and  AFX- 103.  Figures  2,  4,  5,  and  6 show  a shifting  of  the  second 
peak  to  the  left  for  the  aluminized  explosive,  PBX-109.  This  is 
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Figure  2,  Pressure  - Time  Histories  at  1.98  m in  Free  Air. 
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Figure  3*  Pressure -Time  Histories  at  1.98  m in  Free  Air 
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characteristic  of  aluminized  explosives  and  is  due  to  afterburning3. 

For  persons  familiar  with  blast  parameter  measurement.  Figures  2,  4,  5, 
and  6 also  show  the  difficulty  of  defining  positive  duration  and  positive 
impulse  for  aluminized  explosive  detonations. 

The  data  recorded  on  magnetic  tape  were  digitized  by  the  Computer 
Support  Division,  BRL.  The  digitized  data  were  entered  as  input  to  a 
Fortran  program  and  values  of  shock-front  parameters,  such  as,  peak 
excess  pressure,  PM,  positive  impulse,  I,  arrival  time,  ta,  and  positive 
phase  duration,  t+1,  wore  determined. 

The  lower  pressure-time  record,  for  PBX-109,  in  Figure  2 shows  the 
finite  time  required  to  record  the  peak  pressure  with  the  piezoelectric 
gage.  For  most  cases  the  pressure-time  relationship  may  be  expressed 
as  a function  of  time  after  arrival  of  the  shock  front,  t,  by  the 
exponential  decay  expression, 


p ■ PM  exp  (-  C1  t) , 


(4) 


where : 

t is  elapsed  time  after  arrival  of  shock  front 
(note:  t ■ o >*  t » ta) , 

p is  excess  pressure  at  time  t, 

PM  is  as  previously  defined,  and 

Cj  is  the  decay  constant;  or  by 

the  Friedlander  formula, 


p ■ PM  (1  - ~)  exp  (-  Cz  t), 


(5) 


whore: 

t is  the  time  of  positive  phase  duration,  and 
p,  PM,  and  t are  as  previously  dofined,  and 
C2  is  the  decay  constant;  or  by 

5C.  C.  Matte,  E.  M,  Fisher  and  T.  0.  Anderson,  "The  Contribution  of  ^ 
Afterburning  to  Air  Blast  from  Aluminized  Explosives  (U),"  NOL,  White 
Oak,  MD,  June  196?. 
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a fit  to  the  data  of  a cubic  in  t of  the  form, 


ai0  * ail  t + ai2  t2  + ai3  ^ ' 


(6) 


where : 


i ■ 1,2,...  is  the  number  of  equations  selected  to 
describe  the  data 

is  the  value  of  p in  the  i-th  equation 

ai0'  ail’  ai2*  an<*  ai3  are  un<ietermin^  decay  coefficients 

in  equation  i,  and 

t is  as  previously  defined. 


It  has  been  found  that  Equation  6 will  provide  a very  reasonable  fit.  to 
the  total  range  of  positive  phase  data  if  coefficients  are  determined 
for  data  in  several  intervals  over  the  range  which  are  dofined  bv  "break 
points"  and  if  a proper  selection  of  break  points  is  made  in  accord 
with  the  cubic  spline  method  of  curve  fitting6.  The  Friedlander  formula, 
Equation  5,  does  not  provide  a good  approximation  for  p if  the  pressure 
levels  are  very  high.  Differences  among  Equations  4,  5,  and  6 are 
reflected  to  some  extent  by  comparison  of  the  following  expressions  for 
tho  rate'  of  change  in  the  natural  logarithm  of  p with  respect  to  time: 
from  Equation  4, 

4np  ■ - Cx  , (7) 


from  Equation  S, 


~dt  *nP 


t»0 


and  from  Equation  6, 


4t  lnfi 


twO 


‘u 

li0 


(8) 


(9) 


^Palmer  R,  Sahlegel,  ", The  Cubia  Spline  - A Curve  Fitting  Procedure, " 
Ballistic)  Research  Laboratories  Report  No.  1263,  July  1963. 

(AD  #451085) 
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Positive  impulse,  I,  of  the  shock  front  is  related  to  excess 
pressure,  p,  by  the  equation, 


o 


Similarly,  the  shock  front  energy,  E,  is  related  to  excess  pressure, 
p,  by  the  equation, 

/t+ 

p2  dt.  (11) 

o 

Tables  II,  Ha  through  VI,  Via  present  scaled  moasured  values  and 
computed  values  ("a"  tables)  and  standard  deviation,  SIGMA,  of  a numbor 
of  characteristic  parameters  for  the  standard  pontolite  und  each  of  the 
four  plastic-bondod  explosives  considered  in  this  report.  The  pax'amotor 
values  in  Tables  II  through  VI  were  derived  from  tost  measurements j those  in 
Tables  Ila  through  Via  were  obtained  through  application  ox  Equations  7, 

9,  and  11.  The  arguments  for  entering  the  tablos  are  explosive 
identification  and  a range  of  valuos  of  sculod  distunco,  Z (»  R/W  ' ). 

The  parameters  for  which  values  are  given  in  the  tables  are: 

peak  excess  pressure,  PM, 

scaled  positive  impulse,  IMP  («*  1/W1^3), 

1/3 

scaled  positive  phase  duration,  TD  (-  t+/W  ), 
scaled  urrivul  rime,  TA  (■  t /W1^), 

ii 

scaled  energy,  EN  (“  E/W1^),  and 

1/3 

scaled  decay  constant,  DCj  (•  Cj/W  ' ). 

Additional  scaled  measured  values  of  characteristic  parameters  for 
pontolite,  somo  of  which  wore  ucquired  from  other  experiments  and  the 
remainder  of  which  were  extracted  from  Reference  7,  are  prouonted  in 
Appendix  Table  A>I.  Appendix  Tables  A-II  through  A-V  present  moasured 
values  of  peak  excess  pressure,  PM,  positivo  impulse,  I,  arrivul  timo, 
t , and  positivo  phase  duration,  t+,  for  tho  plastic-bondod  explosives 
AFX-1G3,  AFX-702 , PBX-1Q8,  and  PBX-109.  The  data  presented  in  Tables 
A-II  through  A-V  were  acquirod  in  tho  experiments  described  in  this 
report.  Appendix  Table  A-VI  presents  a computer  tabulation  of  smoothed 


yDowey,  J,  M, , Miller,  /l.  H.,  and  Williama,  *7 . S.,  "Air  Blaat  from 
Throe  Military  EsqAooivae,"  UHL  Hoport  No.  1666,  Ballietio  Hoooaroh 
Laboratoricu , Aberdeen  Proving  Ground,  MP,  October  1071.  (AD  #8902601.) 


Table  II.  Scaled  Measured  Blast  Properties  of  Spherical  Pentolite 
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Table  III.  Scaled  Measured  Blast  Properties  of  Spherical  AFX- 103 
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Scaled  Measured  Blast  Properties  of  Spherical  AFX-702 
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scaled  values  of  peak  excess  pressure,  arrival  time,  and  positive  impulse 
measured  for  pentolite  in  these  experiments.  The  argument  for  entering 
Table  A-VI  is  scaled  distance,  2.  The  smoothed  values  were  obtained 
by  fitting  a series  of  cubic  equations  in  scaled  distance,  Z,  to  values 
of  the  logarithms  of  the  scaled  data,  including  positive  phase  duration 
for  which  such  values  were  inadvertically  omitted  in  the  Table  A-VI 
tabulation.  The  cubic  equations  were  of  a form  similar  to  Equation  6 
with  the  coefficients,  in  this  case,  identified  as  CO,  Cl,  C2,  and  C3. 

A computer  program  embodying  the  cubic  spline  method  of  curve  fitting 
was  used  to  obtain  the  "best  fit"  to  the  data.  The  values  of  the 
coefficients  defining  the  fit  and  the  upper  and  lower  bounds  of  selected 
intervals  of  scaled  distance,  i.e.,  the  "break  points"  of  the  cubic 
spline  method  for  this  evaluation,  for  each  equation  are  presented  in 
Appendix  Table  A-VII.  Appendix  Figures  A-l  through  A-4  are  computer 
drawn  curves  showing  the  fit  of  the  cubic  equations  to  the  empirically 
measured  values,  respectively,  of  peak  excess  pressure,  arrival  time, 
and  positive  impulse  for  pentolite  in  free  air.  Appendix  Figures  A-5 
through  A-8  are  similar  curves  for  empirically  measured  values  of  the 
same  parameters  for  pentolite  in  the  mach  stem  region. 

Since  Kinney's2  method  of  comparing  the  effectiveness  of  any 
explosive  to  that  of  a standard  explosive  by  using  an  equivalent  weight 
factor,  EWF,  assumes  scaling  and  is  dependent  upon  total  energy  release 
at  the  surface  of  the  explosive  charge,  the  appropriate  values  of 
parameters,  computed  for  the  standard  pentolite  explosive  and  empirically 
determined  for  the  test  explosives,  were  used  in  the  scaling  equations 
to  obtain  values  of  equivalent  weight  factor,  EWF. 

When  peak  maximum  pressure,  PM,  and  distance  of  measurement  from 
charge  center,  R,  are  of  interest,  the  computation  for  EWF  is  simple, 
since  PM  does  not  scale  with  the  cube  root  of  the  weight.  In  such 
case: 


where : 

Wx/Ws  is  in  effect,  here  as  it  is  also  in  Equations  13,  14, 
s and  15  below,  the  right  hand  number  (WX/WS)G  R,  of 
Equation  1.  Consequenty,  the  dependence  of  ’ 

EWF  on  R as  defined  for  Equation  1 is  implicit  in 
Equations  12  through  15. 

Similary  when  PM  and  any  other  parameter  is  of  interest: 
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where : 


G is  the  gage  reading  of  the  second  blast  parameter, 

e.g.,  of  I , t , t.  . for  the  test  explosive,  and 

X a j X +|X 

GGg  is  the  scaled  value  of  the  gage  reading  of  the  same 
blast  parameter  for  the  standard  explosive. 


When  a blast  parameter  other  than  PM  is  of  interest,  the  computation  for 
EWF  is  somewhat  more  complicated  since  it  is  necessary  to  evaluate 
ratios  of  the  parameter,  e.g.,  I,  ta,  or  t+,  and  the  distance,  R,  or  of 
two  parameters,  e.g.,  I and  ta,  for  the  test  explosive  and  of  the 
corresponding  scaled  parameter  and  distance  or  of  the  corresponding 
scaled  parameters  for  the  standard  explosive,  Thus  for  I and  R,  for 
example,  EWF  is  given  by: 


EWF  * 


VRx  \ 


(14) 


(compare  with  Equation  12).  And  for  I and  ta,  for  example,  EWF  is 
given  by: 


W 

EWF  = ^ 


s 


3 


> 


x 


(15) 


(compare  with  Equation  13) . 

Tables  VII  through  IX  present  values  of  EWF  for  the  four  test 
explosives,  derived  from  application  of  Equations  12  through  15,  based 
on  consideration  of  several  combinations  of  blast  parameters  or  of  a 
blast  parameter  and  the  distance  R.  Figures  7 through  9 present  plots 
of  selected  values  of  EWF  versus  Rx  from  Tables  VII  and  VIII. 

The  Tamer8  code  was  used  to  develop  theoretical  pressure-distance 
relationships;  values  of  the  ratio  PM/PQ,  where  P0  is  ambient  pressure;  for  a 
range  of  values  of  scaled  distance,  Z,  ror  pentolite,  for  each  of  the 
four  plastic-bonded  test  explosives,  and  for  the  standard  aluminized 

B61JTCG/frIE-10~Zs  "The  Joint  Service  Evaluation  for  Preferred  and  Alternate 
Explosive  Fills  in  Principal  Munitions  (V),"  Volume  JIJ,  Annex  7 (U), 

Tinker  AFBy  Okla. 3 December  1970. 
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PARAMETERS 


(Eq.  12) 


9.144 

11.58 

13.72 

16.46 

Avg. 


0.914 

1.981 

2.362 

2.972 

3.810 

5.995 

Avg. 

9.144 

11.58 

13.72 

16.46 

Avg. 


Free  air  9.144  > R > 9.144  Mach  Stem 
x 

R = distance  from  center  of  explosive  to  gage. 
X 


PM  = peak  excess  pressure. 
I = positive  impulse. 
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Table  VIII.  Test  Explosive  Values  of  EWF  Based  on 

I,  R and  on  PM,  t. 

& 


PARAMETERS 

Rx 

m 

AFX 

TEST  EXPLOSIVE 

PBX 

103 

702 

108 

109 

I,  R 

0.914 

■m 

•• 

(Eq.  14) 

1.981 

- 

1.006 

- 

2.362 

1.508 

1.088 

1.138 

2.972 

1.040 

1.334 

1.082 

1.759 

3.810 

1.072 

1.470 

1.178 

1.411 

5.995 

1.097 

1.282 

1.052 

1.153 

Avg. 

1.079 

1.398 

1.082 

1.365 

9.144 

1.145 

1.383 

1.096 

1.209 

11.58 

- 

1 .301 

- 

1.159 

13.72 

1.011 

1.357 

1.047 

1.166 

16.46 

- 

- 

- 

- 

Avg. 

1.078 

1.414 

1.072 

1.178 

0.914 

1.835 

0.975 

Him 

1.981 

1.146 

1.606 

1.064 

1.224 

2.362 

1.073 

1.303 

1.145 

1.664 

2.972 

1.078 

1.242 

1.093 

1.467 

3.810 

1.147 

1.147 

1.069 

1.164 

5.995 

1.062 

1.026 

0.9830 

0.950 

Avg. 

1.101 

1.360 

1.055 

1.294 

9.144 

1.186 

1.233 

1.077 

1.108 

11.58 

- 

1.583 

- 

1.197 

13.72 

0.963 

1.336 

1.024 

1.086 

16.46 

- 

- 

1.062 

- 

Avg. 

1.074 

1.384 

1.054 

1.130 

Free  air  9.114  > R > 9.114  Mach  Stem 
x 

Rx  = distance  from  center  of  charge  to  gage. 
I = positive  phase  impulse. 


PM  = peak  excess  pressure. 

t = time  of  arrival  of  shock  front, 
a 
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Table  IX.  Test  Explosive  Values  of  EWF  Based  on  I,  t 


PARAMETERS 


I.  ta 

(Eq.  15) 


TEST  EXPLOSIVE 


m 

103 

702 

108 

109 

0.914 

m 

1.334 

1.981 

1.188 

- 

1.022 

- 

2.362 

1.024 

1.652 

1.175 

1.220 

2.972 

1.084 

1.126 

1.095 

- 

3.810 

1.086 

1.565 

1.255 

0.962 

3.995 

1.165 

1.438 

1.049 

1.208 

Av>. 

1.109 

1.443 

1.155 

1.130 

9.144 

1.135 

1.410 

1.080 

1.209 

11.58 

- 

1.306 

- 

1.153 

13.72 

1.000 

1.602 

1.031 

1.162 

14.46 

- 

- 

- 

Avg. 

1.068 

1.439 

1.055 

1.175 

Free  air  9.144  > R > 9.144  Mach  Stem 
R » Distance  from  center  of  explosive  to  gage. 

A 

I “ positive  phase  impulse. 

t * time  of  arrival  of  shock  front, 
a 
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explosive  H-6.  The  theoretically-based  values  of  PM/P0  produced  by  the 
TAMER  Code  are  presented  in  Table  X as  a function  of  scaled  distance, 

Z,  from  charge  center  to  gage  measurement  location.  In  addition,  values 
of  the  ratio  R/Rq,  where  R0  is  the  charge  radius,  and  empirically-based 
values  of  PM/PQ,  are  included  in  Table  X. 

The  values  for  tho  H-6  explosive  are  included  in  Table  X to  provide  a 
comparison  between  this  standard  aluminized  explosive  and  the  aluminized 
test  explosive,  AFX-702.  It  can  be  seen  that  the  theoretical  values 
could  be  used  to  obtain  reasonable  estimates  of  EWF  based  on  the 
theoretical  pressure  distance  relationships.  This  is  illustrated  in 
Table  XI  which  presents  a comparison  of  averaged  empirically-based  values 
of  EWF,  from  Table  VII,  and  theoretically-based  values  of  EWF  derived 
from  TAMER  Code  theoretical  pressure-distance  relationships  for  each  of 
the  four  test  explosives. 

Knowledge  of  certain  detonation  characteristics,  the  Chapman  Jouguet 
properties,  of  explosives  is  helpful  in  predicting  the  damage  producing 
capability  and  in  understanding  the  operation  of  explosive  damage 
mechanisms9.  The  dependence  of  damage  effects  on  these  Chapman  Jouguet 
properties  varies  with  the  type  of  weapon  involved:  for  a fragmentation 
or  shaped-charge  weapon,  fragment  velocity  or  shaped-charge  penetration 
capability  primarily  depend  on  detonation  pressure,  Pj,  and  for  a 
strictly  blast-type  weapon,  underwater  or  airblast  effects  primarily 
depend  on  the  energy  available  for  air- shock,  DQ.  There  is  a direct 
proportionality  between  the  equivalent  weight  factor,  EWF,  and  the  air- 
shock  energy,  DQ.  The  TAMER  Code  was  used  to  develop  valuer  of  DQ  and 
other  Chapman  Jouguet. properties  for  pentolite,  for  the  AFX-103,  AFX-702, 
and  PBX-109  test  explosives,  and  for  the  standard,  H-6  explosive  which 
are  presented  in  Table  XII. 


VI.  CONCLUSIONS 

1.  The  values  of  equivalent  weight  factor,  EWF,  derived  from 
empirical  data  for  each  of  the  four  test  explosives  show  considerable 
scatter.  This  is  not  immediately  apparent  in  the  listed  values  in 
Tables  VII  “’"•ough  IX,  but  it  is  readily  seen  in  the  accompanying  data 
plots,  Figu.„  / through  9.  The  scatter  probably  arose  from  any  one  or 
some  combination  of  the  following: 

a.  Chance  measurements  at  or  near  the  extremes  of  the  distri- 
bution of  the  characteristic  under  consideration. 


9 Evan  C.  Noonan , "Dependence  of  Damage  Effects  Upon  Detonation  Parameters 
of  Organic  High  Explosives NAVORD  6703 , U.S.  Naval  Ordnance  Laboratory , 
White  Oakt  Silver  Spring , MDt  August  19,59... . 
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Table  X.  Pressure-Distance  Relationships  Developed  by 

TAMER  Code 


EXPLOSIVE 

Z 

R/R0 

PM/P0* 

PM/P0** 

k Pa 

kPi 

Pentolite 

0.05248 

1.000 

81940. 

82880. 

(ncn-aluminized) 

0.579 

11.02 

4763. 

3628. 

1.254 

23.89 

745,8 

673.8 

1.495 

28.48 

453.9 

438.7 

1.879 

35.77 

270.5 

256.4 

2.412 

45.93 

138.8 

144.9 

3.796 

72.31 

53.30 

56.84 

5.788 

110.2 

25.64 

27.36 

AFX-103 

0.05248 

1.000 

83610. 

- 

(non-aluminized) 

0.579 

10.88 

4701. 

2634. 

1.254 

23.60 

710.3 

685.0 

1.495 

28.13 

479.6 

470.1 

1.879 

35.33 

256.4 

227.0 

2.412 

45.38 

131.7 

151.0 

3.796 

71.43 

51.07 

59.68 

AFX- 702 

0.0524 

1.000 

74980. 

- 

(aluminized) 

0.567 

10.82 

5263. 

. 4092. 

1.230 

23.47 

1046. 

839.0 

1.464 

27.96 

594.8 

496.5 

1.846 

35.23 

392.1 

233.0 

2.368 

45.18 

195.6 

138.8 

3.693 

70.48 

71.84 

57.14 

H-6 

0.0528 

1.000 

77310. 

- 

(aluminized) 

0.579 

11.00 

5352. 

- 

1.222 

23.69 

1091. 

845.0 

1.492 

28.92 

642.4 

464.1 

1.872 

36.3 

383.0 

265.5 

2.364 

45.84 

210.00 

154.0 

2.983 

57.84 

113.8 

90.58 

3.745 

72.6 

71.09 

60.39 

*based  on 

theoretical 

calculation 

**based  on  empirical 
Z = scaled  di stance 
R a distance  from  center  of  explosive 
Rq  *»  explosive  radii 

PM  = peak  excess  pressure 
Pq  = ambient  pressure 
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Table  XI.  Comparison  of  Averaged,  Empirically-  and  Theoretically 
Based  Equivalent  Weight  Factors,  EWF 


BWF  (Free  Air) 


Ixplosive 

Basis 

Empirical6 

Theoretic 

AFX-103 

PM,  R 

1.012 

1.00 

AFX- 702 

PM,  R 

1.127 

1.10 

PBX-108 

PM,  R 

1.031 

1.00 

PBX- 109 

PM,  R 

1.085 

1.10 

aaveraged  values  from  Table  VII 

^averaged  values  using  TAMER  Code  relationships 

PM  - peak  excess  pressure 

R - distance  from  charge  center  to  measurement  station 
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b.  Error  in  measurement  reflecting  non-functioning  or  mal- 
functioning of  measuring  equipment.  The  aluminum  paint  and/or  thermal 
tape  used  to  shield  transducers  in  the  gages  from  extreme  fluctuations 
in  temperature  did  not  always  provide'  the  desired  degree  of  protection, 
and  errors  in  recording  of  explosive  characteristic  measurement 
undoubtedly  resulted. 

c.  Normal  uncertainty  regarding  the  amount  of  energy  available 
at  an  explosive  surface.  Since  EWF  is  a measure  of  this  energy10  con- 
siderable differences  in  empirically-based  EWF  values  for  a given 
explosive  may  be  expected. 

d.  The  cube  root  scaling  method  of  determining  values  of  EWF 
magnifies  errors  in  the  computational  basis,  the  empirical  measurements 
of  explosive  characteristics  in  this  case,  by  a factor  of  three. 

Program  constraints  did  not  permit  extension  of  testing  to  confirm 
suspect  observations,  i.e.,  to  refine  possible  errors  in  characteristic 
measurement . Additional  empirical  data  would  prove  very  useful  for 
such  purpose. 

2.  The  average  equivalent  weight  factor,  EWF,  values  for  the  four 
test  explosives,  relative  to  pentolite,  which  are  presented  in  Tables 
VII  through  IX  reveal  that: 

a.  The  test  explosives,  depending  on  the  EWF  basis  selected, 
are  from  one  percent  to  fifty  percent  more  effective  than  pentolite. 

b.  In  all  cases  except  one,  the  aluminized  test  explosives 
AFX-702  and  PBX-109  are  more  effective  than  the  non-aluminized  test 
explosives  AFX-103  and  PBX-108.  The  exception  is  in  the  evaluation  in 
free  air  with  an  EWF  basis  of  positive  impulse,  I,  and  time  of  arrival, 
t„.  In  this  one  evaluation,  the  aluminized  PBV.-109  explosive  appears 
slightly  less  effective  than  the  non-aluminized  PBX-108  explosive, 

c.  Differences  in  effectiveness  between  the  non-aluminized 
AFX-103  and  PBX-108  explosives  are  small. 

d.  The  aluminized  AFX-702  explosive  is,  in  general,  more 
effective  than  the  aluminized  PBX-109  explosive. 

e.  Both  of  the  aluminized  test  explosives,  AFX-702  and  PBX-109, 
have  significantly  more  target  damage  producing  capability  than  pento- 
lit'e,  (This  observation  is  supported  by  the  values  of  EWF  in  the  lower 
section  of  Table  VII.  As  noted  previously,  EWF  values  based  on  peak 
excess  pressure,  PM,  and/or  positive  impulse,  I,  are  considered  a 
particularly  good  measure  of  relative  damage-producing  effectiveness.) 


lQPorzel}  F.  B. , "Introduction  to  A Unified  Theory  of  Explosions  (UTE) t" 
NOLj  Silver  Springs t MD , September  1972, 
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3.  The  values  of  several  explosive  characteristics  computed  by 
TAMER  Code  and  listed  in  Tables  X and  XII  reveal  that: 

a.  The  non-aluminized  explosives,  pentolite  and  AFX-103  have 
higher  pressure,  PM/P0  in  Table  X and  P^  in  Table  XII,  at  the  charge 
surface,  i.e.,  where  R = RQ,  than  do  the  aluminized  explosives,  AFX-702, 
PBX-109,  and  H-6. 

b.  The  detonation  energy  available  for  air  shock,  DQ  in  Table 
XII,  is  higher  for  the  aluminized  them  for  the  non-aluminized  explosives. 

c.  At  distances  from  the  charge  center  of  approximately  ten 
charge  radii  or  greater,  i.e.,  where  R > 10  R0,  the  pressure,  PM/PQ  in 
Table  X,  is  higher  for  the  aluminized  than  for  the  non-aluminized 
explosives.  (Compare  this  observation  with  3a  above.) 

It  is  noted  that  the  TAMER  code  gives  a very  good  approximation  to 
empirically-determined  pressure-distance  relationships  for  the  standard 
pentolite  explosive.  Empirical  data  for  the  test  explosives  are  too 
meager  to  determine  how  good  an  approximation  the  code  produces  for 
these  explosives. 

4.  During  the  testing  of  the  aluminized  explosives  an  unusual  and 
unexpected  phenomenon,  generation  of  an  electromagnetic  pulse  large 
enough  to  have  a serious  effect  on  the  recording  system,  was  noted. 

This  pulse  made  it  impossible  to  obtain  records  at  the  3500  and  700  kPa 
pressure  levels.  No  pulse  of  similar  magnitude  was  generated  during 
testing  of  the  non-aluminized  explosives,  and  none  has  been  observed  in 
previous  testing  of  the  standard  aluminized  explosive,  H-6.  It  has  been 
stated  that  detonatable  components  of  mixed  explosives  do  not  exert  an 
important  influence  on  the  character  of  the  electromagnetic  emission 
where  the  explosives  are  detonated11.  A study  is  needed  to  determine 
the  cause  of  the  pulse  noted  in  the  tests  reported  on  here. 
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APPENDIX 


TABULATED  VALUES  OF  BUST -PARAMETERS  MEASUREMENTS  FOR 
AFX-103,  AFX-702,  PBX-108,  PBX-109  AND  PENTOLITE 
EXPLOSIVES  AND  GRAPHIC  PRESENTATION  OF 
PENTOLITE  DATA 
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Table  A-I.  Scaled  Measured  Blast  Properties  of  Spherical  Pentolite 
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Table  A*I.  Scaled  Measured  Blast  Properties  of  Spherical  Pentolite  (Cont'd) 
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Tibi#  A-l.  Sctled  Maaiuifed  Hut  Prop#rti«i  of  Sphorioftl  Pontolito  (Cont'd) 


z 

PM 

T 4 

T 11 

M9 

<n/*n**i/v 

(«P4i 

/II 

i 

( 44/40**1 /II 

(KM-M/YOe*!  /II 

t.0004 

ft, ooo 

0,0000 

s 1.14 

0,000(1 

9,0471 

040,444 

o.onoo 

0,00 

•4,1077 

9.nm 

0,000 

n.oooo 

1,44 

0,111*0  1 

9,oi<>9 

000,041 

o,nortO 

0,00 

00,4444 

9,09,19 

010,970 

0,0000 

0,00 

m*i,;*ii.*i 

9,n917 

0,000 

,o , o o n n 

1,14 

11,000  0 

?»097l 

0 ,0  0n 

o.ofloo 

1 ,49 

0,0000 

9.  9134 

144,004 

0,0000 

0,00 

109,0444 

9,71*4 

140,474 

0,0000 

0,00 

47,1 141 

9,7174 

0,000 

0,0000 

l.<7 

0,0000 

7,7411 

0,000 

0,0000 

1 ,49 

0 , Olio  l| 

9,1441 

1.10.741 

0,0000 

0 , 0 (1 

44,1744 

9.17JO 

0,000 

0,0000 

1 ,0  0 

0,0001 

9,1*91 

1 44,7*10 

0,0000 

(1,00 

4 0 , 4 S 4 4 

9,1749 

0 ,0011 

o.onoo 

1 ,41) 

0,0.|01 

7.10^ 

11  1,40(1 

n.oooo 

0,00 

>9, 4*»01 

9.49M 

P9.74A 

9,4041 

1 ,4  1 

71. 7971 

9.4144 

147,109 

9,7741 

1,74 

94. 1901 

0,4,104 

141  ,0 00 

9.7041 

1,79 

44,7744 

0,4,10  4 

140,047 

9,7440 

1,79 

4 7,441'  1 

0,4104 

144,90*1 

9,7044 

1 ,47 

' 41,4494 

0,4104 

147,  SB ft 

9,0117 

1 ,44 

4/, 4. IS  1 

0,4104 

140,104 

9,4144 

1 ,49 

•7 ,0H 44 

0,4104 

149,794 

9,7009 

1,77 

44,901.1 

0.4,104 

11W,4H 

9.4497 

1 ,44 

71,  « 1 4.1 

0,4104 

114,074 

9,4171 

1,49 

71,7904 

0,4104 

114,0,14 

9,4171 

1 ,14 

74,0  0,1  4 

0,4104 

144,097 

9,4497 

1,70 

40,  fit  14 

0,4104 

114,170 

9,4497 

1,70 

74,4910 

0,4104 

114,014 

9,4171 

1,44 

• 1.44M 

0*4104 

1 4J,444 

7,7014 

1.74 

19, 1 OH  4 

0,410 4 

1 4a, 107 

7,4497 

1,41 

40,7/*04 

0,1194 

14.1.4*7 

9,4441 

1 • * 7 

01.9444 

0,4104 

140,710 

9,4441 

1,40 

Ml),  7**1  • 

0,4474 

1 04,047 

0,0000 

0,00 

71,0444 

0,4441 

144,094 

9,4941 

1.” 

49,1411 

0,4441 

1 44.100 

9,0047 

t.pp 

4 4 , 9 4 4 4 

0,4440 

1 40,007 

9,4444 

1 ,44 

•IS,')  1 o 4 

0,4970 

190,447 

0,0000 

0,00 

70,0041 

0,4404 

0,l10n 

0,0  0 00 

1 ,44 

<1,0000 

9.4497 

i oh , 1 7 4 

0,0000 

II  ,00 

70,044/ 

9*4497 

n , o o ri 

n.oooo 

1 ,44 

0 , 0 o o o 

9,4744 

10H, 347 

n.oooo 

ri , on 

70,4497 

0,4700 

0,000 

0,0000 

1 ,40 

o.oniio 

0,4001 

1 99,441 

0,0000 

O.on 

49,9110  1 

0,4101 

0,000 

n,nooo 

1 ,74 

0,0 '.0  0 

0,4417 

0,000 

0,0000 

1,14 

0,0 on  l 

0,4404 

*19.147 

0,0000 

0,00 

79,001.1 

0,4441 

o,00n 

0 , 0 0 0 0 

7,71 

0 ,0  0.''.  1 

0,4400 

07,417 

0,0000 

(1,00 

07,1  191 

\ i ■ f « 


i i m,  ui,  i I'L'  i 'V 


*0  - Free  Air 
1 - Mach  Stem 


SO 


a&iiiirh 


itaiS  V,.r,  jaMi'iU:.  .'m-'.  ir*»  -■  ■‘*48*’ 


oni  urn  is  «ttf  QUALtiY  mmvm 

*hw  <m  mwm>  xo  m - 


Tibi#  A-I.  Sctlid  Mi  mu?  id  Blast  Pwparti**  of  Sphatieil  Pinto  lit*  (Coftt'd) 
2 PM  ri  t»  imp 


0,0/tno 

7o.i/vi 

n , noon 

/l.'UPI 

0 , n 0 1 1 | 
41  ,04M 
M ,?0f 7 
(l.flOOo 
44,<Mlf».p 

o , ft  o o >1 

n. mitin 

4|  , d/0'1; 

o , h n n n 
o.noi.  i 
0 ,0000 

01,7011 

oo.aoHp. 

n.onno 

4 1 , d .1  4 J . 

(i  , n mi  i| 
44,,10Oi* 
M,4Ml 
0,00.1,1 
HI, PI  VI  . 

0 , 0 0 (I  f| 

hh,mjn 

iI.omim 
IP,  144  1 

HQ,  0.10  0 
I 

04,4  IMS 
hh,7M  4 
sh.m/; 
sd.n  (Hu 
A P , 0 <1 1 4 
vi,  inn 

H I , d OM  ) 
Hd.n  Id  i 

s,i,r?H  > 
s?,nni  h 
s?,  I ;o'» 

HH. r'OO? 
14,7  74.) 
00,44*1 
41,400/ 
40,0  .Id  1 

n , n fl  o o 

HI,  | HU  ) 
PO,  A?iM 
HO,  d 70  4 


z 

PM 

T A 

Til 

(KP4) 

IMB/*n**l 731 

< MA/MNi* 1 / 

?,44dd 

0,000 

0,0000 

7,10 

7,0114 

1 07,440 

0,0000 

0,00 

7,14*4 

n.ooo 

0,0000 

1 ,44 

?,i40d 

07.371 

o.oooo 

0,00 

7.1*  3,1 

0,000 

O.0000 

1,01 

.1,0*11 

77,430 

4,7.100 

7,17 

1,70*1 

77,14* 

0,0000 

0,00 

3,7*40 

0,000 

0,0000 

7,74 

1,71 77 

74,431 

11,0000 

0,00 

1.7*11 

0,000 

0,0000 

7,04 

1,7*44 

0,000 

0,0000 

1 ,14 

3,114? 

77,374 

0,000(1 

0,011 

:i,,tdfip 

0,000 

<*,0000 

P.17 

.4,444* 

0,||00 

0,0000 

?,Mn 

1,414* 

0,000 

0,0(100 

1,44 

.1,4  1 OH 

4.1,341 

0,0000 

0,00 

1,4*4? 

44  , 744 

0,0000 

0,00 

1,4*0* 

0,000 

11,0000 

■ 

7,  dH 

3 , 4 7 A i 

44,014 

0,0000 

0,0  0 

.1,4  *00 

0,000 

0,0000 

7,14 

3,40*a 

44,434 

4,0000 

0,0  0 

.1,7*07 

40,444 

0,0000 

0,00 

.1,  7441 

0,000 

0,0000 

7,74 

.1,  yarns 

40,474 

0,0000 

0,0(1 

.1, 7*nn 

ft,O0o 

0,0000 

7,01 

.1,7174 

40,044 

0,0000 

o.on 

3,y«*d 

0,000 

0,0000 

7,40 

.1,4140 

47,0*0 

4 , 0*00 

7, *4 

3,4,144 

40,||4 

4,0417 

3.71 

1,414* 

40,407 

4,0410 

7,40 

3,4144 

*0,404 

4,0444 

7,40 

,1,4144 

40,040 

4„nooi 

7,44 

.1,4  144 

34,1107 

4,0341 

7,4? 

•1,4144 

* 4 , | dH 

4,0140 

7,41 

3,4144 

44,177 

4,1444 

7 , 4 d 

3,4104 

*4,104 

4,11404 

7,4? 

1,4144 

40,011 

• 4,0404 

?,  dO 

3,4144 

44,173 

4, 1?04 

7,41 

3,4.144 

40 , ft  1 7 

4,0144 

7,47 

3,4144 

44,404 

4,1074 

7,40 

3,4144 

47,411 

4,0001 

7,44 

1,4144 

47,707 

* » 1 4 * 4 

7,4? 

3,4144 

0,000 

4,1074 

7,44 

3,4144 

n,nno 

4,  |074 

7,41 

.1,4  din 

47,404 

4.1744 

7,44 

1,4410 

4 ? , 0 4 O 

o.rtOOO 

0,00 

3,4410 

0,0  on 

0,0000 

7,17 

3,441* 

40,440 

4,4i| a 

7,4? 

1,4417 

41,41? 

4,0774 , 

?,44 

3,4444 

41.730 

4,701 d 

7 , d 7 

0 - Pr«e  Air 
1 - Mach  Stem 


d#<  4 fib-,*.. ««  V-W  >■  ,.  jt  ,y 


kaJu '•■-'^i-i-  i -*  ■ !rjJu( l 


t'ii ii 1 * t • U >‘x ‘r» t y H t ' i'r v i j.t&M.  '/ih’i'AU' A jV/  ■ vfV( 


I' 


- *- *- n w T 


■HRMRlff  ppppp 


■ * -i*MU  » U « I Lt  • f. « • 


.:  • v < wm  ora  mmm  v>  m — ^ 

. :.•  l.t*4  1 i - — A.-4  M-  •tn,»J 


Tibi*  A-X.  Scaled  Manured  Slut  Propertiee  of  Spherical  Pentolite  (Cont'd) 
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Scaled  Measured  Blast  Properties  of  Spherical  Pentolite  (Ccnt'd) 
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19,4444 
19,4  4.10 
19,491? 

19,4444 

19,4444 

19,4493 

19,4174 

19.1H9 


«.  12 

2.40 

3.43 
* , 4 | 
<.*1 

4.41 

4.41 
. ...,.4,41 

* , 34 
*,34 
4,31 

4.44 
*,33 
*,41 
4.4M 
*.33 
3.7S 
3,07 
4,44 

* , 7 4 
*,33 
*,47 
3,4  4 
0,00 
3,43 
o.nn 

3, *1 
11,00 
o,no 

3.41 
1,49 
o , no 
o , no 
* , o? 

4,  #7 
4,4? 
4,07 

4.0  7 
4,07 
4,99 

4.00 

4,4? 

3.47 

4.47 
4,09 
4,74 
* , " 7 
4,47 
*,47 
4,74 


0,(1  1 < 1 i 
(1,0 '10  0 
(',00  r,  o 
44,“  1*-  4 
*4,337 H 
*4  , 4 7t*S 
*9,17*.  i 
1 ,1  , 3 fl  * 7 
0,000  1 
0 . "00  ;i 

0 , MM'  0 
0,0001 
0,0000 
M.MOH 
4«,4«t  .1 

n , oo(,  o 

M.7M0 

o, o nr  i 

0 , 11(10  I 

II  , o 0(1  0 
0,00 0 0 
o,  n mm 

4,1.  *4/  4 
34,01/1 
1*  0 0 0 I 
3 A , A Jh  ■, 
0,0  rill-1 
3 4 , A 7 H | 
30,0  1 4 t 

0,0 ooo 
0,n  on  i 

3 4,034  > 

2  4 , o ? ,|  ) 

4 9,  Kill 

4 9,1  1,1  » 

5 1 , 4 ,3  b 7 
41,1911 
4 4 ,?0H() 

4 ,1 , 0 4 1 / 
44,4041 

*7**173 
4 7 , * 0 ■'  S 
49,|  no 
40,0407 
m , a i o i 

I 7 , 4 /.  -i  <* 
3?.«<>?1 
*1 0 , 4 3 4 1 

. 1 931 

II  .Si**  I 


53 


win  mi  *0  bT| 


' ' ( v'  ssst auaminr mcixcABus 

^'O^VWSSD  TO  20 A 

T*bl«  A* I.  Scalod  Kouwod  Blut  Proportios  of  Sphorical  Pantolito  (Cont'd) 

l PM  t A Tn  1«» 

(M/Kft**l/3t  IK  04)  <1S/*fl**1/3>  .* 


0,7*17 
n , r ^ 1 7 

4^4(7 
*.7«*4 
in, nn*7 
in,nn*7 
in,M*i 
in, nsni 
in, MAT 
m.iotn 
il.i?*n 
1 1 ,i32n 
11  ,4704 

1 1 .iron 
1,3.4444 
1 ,3.444* 
in. moo 
tn.inoo 

14,1474 

14.1414 

17.4114 

74,0714 


77,370 

n.nnn 

n.nnn 

30,430 

0,443 

n.nnn 

74,771 
74.434 
71 ,77n 
n.nnn 
1 0.140 
n.nnn 
0,097 

n.nnn 
4,0  47 
n.nnn 

4,474 

n.nnn 

n.nnn 

4,444 

4.301 

3.707 


10,4047 

10,7710 

10,4777 

10,4044 

n.nnnn 

n.nnnn 

74,1430 

74,1404 

74,7434 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 

n.nnnn 


4,41 

n.nnnn 

1 

n.nn 

n.nnnn 

1 

n.nn 

■ n.nnnn 

1 

.3.74 

47,4140 

1 

n.nn 

?n, 4404 

n 

4,7? 

n.nnnn 

1' 

4,49 

41,0004 

1 

4,40 

40,47*7 

1 

’ 4, on 

.14,4444 

1 

.3,31 

n.nnnn 

n 

n.nn 

t o,o??o 

n 

4.31 

n , o n r>  n 

n 

n.nn 

1 7.4  0<n 

n 

4.41 

n.muio 

n 

n.nn 

1 4,«?«* 

1 

4,14 

n.n.nn  n 

n 

n.nn 

1 7.07V 1 

n 

4,34 

n.nnm 

n 

4, in 

n.nnnn 

n 

n.nn 

1 3.4»«n4 

n 

n.nn 

13.ni?l 

4 

n.nn 

H.4 1 49 

n 

0 - Free  Air 

1 - Mach  Stem 
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Table 

Aril,  Measured  Blast  Properties 

of  Spherical 

AFX-103 

R 

p— 

t 

t 

ra 

k Pa 

k Pa-ms 

a 

ms 

+ 

ms 

.91  \ 

3193, 

.3080 

.9U4 

2137. 

230.0 

.3600 

.350 

.9144 

2100. 

- - 

.3600 

- . 

.9144 

3057. 

- 

.3200 

- 

.9144 

2689. 

- 

.3200 

- 

1.982 

762.6 

188.3 

1.206 

1.550 

1.982 

641.6 

209. o 

1.160 

1.490 

1.982 

655.0 

156.9 

1.120 

.970 

1.982 

682.2 

209.2 

1.200 

1.330 

1.982 

662.0 

220.2 

1.200 

1.550 

1.982 

658.7 

- 

1.184 

- 

1.982 

672.7 

- 

1.120 

- 

1.982 

- 

- 

1.120 

- 

1.982 

645.1 

- 

1.160 

- 

1.982 

- 

- 

1.120 

2.362 

466.6 

185.0 

1.666 

1,910 

2.362 

468.8 

184.2 

1.600 

1.910 

2.362 

460.0 

173.6 

1,640 

1.630 

2.362 

486.8 

168.5 

1.680 

1.590 

2.362 

- 

• 

1.600 

- 

2.971 

262.9 

169.0 

2.752 

2.230 

2.971 

206.8 

150.3 

2.800 

2.470 

2.971 

215.9 

146.2 

2.840 

2.570 

2.971 

224.2 

149.6 

2,840 

2.270 

2.971 

223.0 

157.5 

2.80 

2.430 

3.810 

157.0 

142.2 

4.320 

2.810 

3.810 

156.0 

137.1 

4.320 

2.910 

3.810 

135.7 

132.7 

4.328 

2.850 

3.810 

154.0 

142.1 

4,400 

2.850 

3.810 

155.3 

146.2 

4.420 

3.050 

5.995 

60.70 

92.80 

9.442 

4.110 

5.995 

60.67 

82.74 

9.520 

4.010 

5.995 

57.52 

91.29 

9.480 

3.170 

5.995 

59.61 

161.3 

9.640 

4.370 

5.995 

59.99 

- 

9.642 

5.600 

9.144 

- 

- 

18.54 

6.800 

9.144 

61.36 

114.6 

18.40 

6,600 

9.144 

63.08 

112.1 

18.44 

6.600 

9.144 

65.08 

118.8 

18.76 

6.400 

9.144 

68.86 

129.4 

18.52 

6.400 

11.58 

- 

- 

24.76 

7.200 

11.58 

34.47 

62.47 

24.56 

6.400 

11.58 

29.41 

56.33 

24.60 

6.800 

11.58 

32.82 

62.2 

25.00 

7.200 

11.58 

27.66 

63,22 

24.76 

7.200 
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Table  A-II.  Measured  Blast  Properties  of  Spherical  AFX-103  (Cont'd) 


K 

m 

P 

k Pa 

I 

k Pa- ms 

't 

ms* 

..  ...  v 

ms 

13.72 

32.25 

81.91 

30.36 

7.600 

13.72 

31.48 

77.50 

30.16 

7. 600 

13.72 

28.23 

68.05 

30.16 

7.600 

13.72 

28.02 

73.22 

30.64 

7.400 

13.72 

- 

30.40 

- 

S6 
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Table  A-III.  Measured  Blast  Properties  of  Spherical  AFX-702 


k Pa-ms 


20. 

- 

.79 . 

- 

'95.0 

- 

1 

183.9 

- 

1 

>03.0 

218.2 

1 

i90.2 

227.5 

1 

154.1 

165.3 

2 

185.6 

224.4 

2 

m 

- 

2 

- 

m 

2 

!32.9 

154.7 

2 

!09.0 

108.9 

2 

.55.1 

165.1 

4 

.66.0 

174.0 

4 

.51. 

128.1 

4 

- 

• 

4 

L54.8 

155.9 

4 

- 

- 

4 

60.67 

118.3 

9 

61.27 

98.73 

9 

- 

- 

9 

- 

- 

9 

59.65 

104.6 

9 

- 

9 

67.79 

140.0 

18 

66.76 

143.8 

18 

57.23 

92.25 

18 

63.07 

127.4 

18 

68.04 

138.5 

18 

- 

- 

18 

- 

_ 

24 

- 

24 
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Table  A- IV. 

Measure4  Blast  Properties  of  Spherical  PBX- 

108 

5 

m 

P 

k Pa 

..  1 

k Pa-ms 

V 

ms 

.9144 

3351. 

' 313.1 

'0.302 

.310 

.9144 

3118. 

225.5 

0.330 

.250 

.9144 

3020. 

m 

0.320 

- 

.9144 

. 

- 

0.320 

m 

.9144 

m 

- 

0.320 

m 

.9144 

m 

- 

0.320 

•m 

.9144 

- 

- 

- 

- 

1.981 

m 

' - ■ 

1.222 

1.981 

709.5 

185.1 

1.208 

- 

1.981 

600.3 

190.4 

1.160 

1.650 

1.981 

666.0 

201.6 

1.160 

1.790 

1.981 

600.5 

201.8 

1.280 

1.290 

1.981 

574.2 

- 

1,120 

- ' 

1.981 

696.3 

176.5 

1.160 

1.310 

1.981 

503.3 

185.1 

1.280 

1.250 

1.981 

747.4 

190.4 

1.120 

m 

1.981 

- 

201.6 

1,160 

- 

1.981 

- ■ 

_ 

1.120 

- 

2.362 

471.1 

207.2 

1.710 

1.790 

2.362 

511.4 

189.0 

1.626 

1.730 

2.362 

430.6 

168.2 

1.640 

1.690 

2.362 

440.0 

173.4 

1.680 

1.570 

2.362 

482.8 

174.1 

1.560 

1.810 

2.362 

499.1 

160.2 

1.680 

1.350 

2.971 

259.6 

155.0 

2.566 

2.210 

2.971 

272.3 

165.1 

2.694 

2.270 

2.971 

227.8 

143.3 

2.760 

2.130 

2.971 

218.3 

140.2 

2.800 

2.230 

2.971 

221.1 

139.7 

2.640 

2.330 

2.971 

226.3 

154.2 

2.720 

2.470 

3.810 

168.0 

132.3 

3.960 

2.810 

3.810 

149.8 

165.1 

4.360 

2.770 

3.810 

151.6 

143.3 

4.240 

2.730 

3.810 

149.8 

140.2 

4.280 

2.810 

3.810 

137.3 

139.7 

4.250 

2.930 

3.810 

137.9 

154.2 

4.40 

2.950 

5.995 

64.09 

90.67 

8.856 

3.910 

5.995 

35*92 

84.19 

9.318 

3.950 

5.995 

56.34 

85.01 

9.360 

4.030 

5.995 

56.04 

88.60 

9.440 

4.130 

5.995 

60.10 

88.46 

9.280 

4.150 

5.995 

- 

- 

9.560 

4.150 

9.144 

63.04 

114.4 

18.44 

6.600 

9.144 

64.35 

121.7 

18.32 

6.S00 

9.144 

58.49 

108.3 

18.48 

6.800 

58 
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Table  A- IV 

Measured  Blast  Properties  of  Spherical  PBX-108 

(Cont'd) 

R 

P 

t 

'm  ”• 

' k Pa 

,J  '•"•k  Pa-ms  ■ ■ 

- ms  ■ - " 

. . + 

ms 

9.144 

61.04 

113.6 

18.60 

b»600 

9.144 

59.72 

115.7 

18.44 

6.600 

9.144 

66.20 

120.0 

13.76 

6.600 

11.58 

- 

24.51  ' 

7.200 

11.58 

’ m 

24.46 

7.200 

11.58 

. 

m 

24.64 

7.000 

11.58 

29.08 

69.71 

24.80 

6.800 

11.58 

31.03 

63.56 

24.64 

7.000 

11.58 

28.72 

'm  ' 

25.00 

7.400 

13.72 

34.34 

81.63 

30.00 

7.800 

13.72 

29.90 

7.800 

13.72 

31.92 

76.53 

30.20 

7.800 

. 13.72  1 

32.54 

79,08 

30.36 

7.600 

13.72 

31.29 

79.98 

30.20 

7.800 

13.72 

m 

68,95 

30.68 

7.600 

16.46 

25.59 

- 

37,37 

8.020 

f 


Table  A-V.  Measured  Blast  Properties  of  Spherical  PBX-109 


.9144 

1.981 

1.981 

1.981 

1.981 

2.362 

2.362 

2.362 

2.362 


2.972 

2.972 

2.972 

3.810 

3.810 

3.810 

5.810 
5.810 
5.810 

5.995 

1.995 

5.995 

1.995 
1.995 
M44 
'.144 
.144 
.144 
.144 
.58 
.58 
.58 
.58 
.58 
.72 
.72 
.72 
.72 
.72 
.46 


V Pa 


719.8 


640.5 

695.7 

539.0 


287.2 


162.2 

181.5 


152.1 
152.5 

148.2 
64.90 


55.90 


64.71 

67.24 

57.16 


62.33 

45.71 

41.37 

47.99 


34.27 

37.64 

32.34 


14.69 


k Pa-ms 


182.4 


197.3 

143.3 


218.6 


122.4 

168.0 


137.1 

127.4 

133.5 
108.0 


92.04 


126.4 

142.0 

115.6 


127.6 

103.4 

98.87 

103.2 


81.84 

100.6 

81.77 


1.212 

1.200 


1.736 
1.720 
1.720 
1.562 

2.736 
2.92 
2.88 
2.84 
4.040 
4.268 
4.440 
4.360 
4.36 


8.892 

9.298 

9.600 

9.534 

9.640 

18.42 

18.42 

18.52 

18.56 
18.68 
24.49 
24.58 
24.64 

24.53 
24.88 
30.00 
30.14 
30.20 

30.32 

30.56 

37.32 


1.570 


2.010 


2.210 

2.890 


2.810 

2.470 

2.790 

5.600 


5.200 


6.400 

6.600 

6.400 


6.200 

7.000 

7.200 

6.800 


7.000 

7.400 

7.200 


PPgKS' 


i ii  1 i~i  fiiiirii>]i1(f|B»«-i'-li*>ritkii  r , 


miB  PAQX  IS  BXST 

raoM  oopy.  iWRWua*®  At  fiSfi 


Table  A-VI.  Smooth  Values  of  Scaled  Measured  Blast  Properties  of  Spherical  Pentolite 

In  Free  Air 

f -4C* 


(M/irn**t /?» 


PM  T* 

kFA  1 731 


fl" 

fl,41A3*IF 

04 

0 , 1 A A*AF 

no 

ft, 17172F 

ft  3 

n.AenraF 

ftft 

ft,4ft9f!pF 

04 

n,lA<*S7F 

Oft 

ft , 1 7 1 4 5F 

0 3 

n,5?*i9nF 

fin 

0.401*0* 

04 

(1.17733F 

ftft 

ft.  I’M  1 AF. 

ft  3 

n.53in7F 

nn 

0.304A9F 

04 

ft  , 1 751  .IF 

nn 

fl,  170A7F 

(1.3 

0.A3A7OF 

ftft 

ft,M7AQF 

04 

0,1 7 79AF 

nn 

0.1  7 (1 A A F 

0 3 

fl.54l*AF 

ftft 

ft , 34070F 

ft4 

ft,  1 AflAAF 

on 

0,  1 7077F 

0 3 

fl  .*4A*ftF 

nn 

ft  ,374ftflF 

04 

ft,  t A.3A3F 

nn 

II.  1 *90  AF 

n,3 

ii  ,**77*F 

no 

0.3A731F 

04 

0.1AAA.1F 

nn 

ft . 1 A0A5F 

0 3 

fi.**7*nF 

nn 

0,3607^? 

04 

ft,  l*t)*OF 

ftft 

n,  1 *03?F 

0 1 

n,**.3i  7F 

ftft 

0.3547.3F 

04 

n.  1 7700F 

nn 

Ii  . 1 AOOOF 

0 3 

0.*A*71F 

ftft 

ft , 34  7 ft  4F 

04 

(»,17*15F 

fi  fi 

ft.  1 ***AF 

03 

n.*743nF 

ftft 

. ft  , 3 4 1 A5F 

04 

ft,  10930F 

nn 

ft.  1 * P.3  IF 

n ,3 

ft  ,».7Clft«jF 

ftft 

ft.335.3AF 

ft  4 

ft , ?ft  707F 

fin 

II,  1 A7  0AF 

n 3 

n #**»,a«f 

nn 

fl.370?AF 

04 

ft,?0595F 

fin 

11  . 1 *7*  (IF 

0 3 

n/oi4|F 

nn 

fl,3P3?AF 

0 4 

n,?fl93.3F 

no 

II.  1 A7?4F 

n 3 

ft,*n/97F 

nn 

0.3173AF 

04 

0.71777F 

nn 

II.  1 AAP  7F 

0 3 

0 .AmnoF 

nn 

ft  . 3 1 1 * 4 F 

04 

ft, 71 5?*F 

on 

<1.  1 *6*nf 

03 

n ,*o9n?F 

nn 

ft  .30** | F 

04 

ft, 71 9A?F 

nn 

ft, 1**1  IF 

0 3 

o.Ai *n)F 

nn 

ft  , 3 ft  ft  1 * F 

0 4 

ft , 7?  344F 

on 

ft,  1 *57, 1»” 

03 

n ,*7  | ns* 

nn 

fl  ,7<MA.3F 

04 

(1,7771  7F 

nn 

fl,  1 A*3,3F 

03 

n ,*771 AF 

nn 

0,7*01 AF 

04 

ft  , 7 3 ft  ft  7 F 

on 

ft,  1 *40. IF 

0 1 

n .6.3.337F 

nn 

(1,70.30  IF 

0 4 

0,734***’ 

Oft 

fl  , 1 F.4  A7F 

03 

n ,a39*af 

nn 

0,?7*S?F 

(14 

ft , 73 *55F 

nn 

ft  . 1 * 4 1 1 F 

03 

0 ,A4**4F 

nn 

ft,7/337F 

04 

fl  .74740F 

no 

ft,  1 A,3*JF 

ft  3 

n ,a*?i of 

nn 

ft, 7*0717 

04 

ft  , 7 4 *5  1 F 

no 

ft,  1 A.377F 

n 3 

O.A***nF 

on 

ft, 9631 *F 

04 

ft  , 750AQF 

on 

(1,  1 *?*4F 

n 3 

n ,*a507F 

nn 

ft,?H0?3F 

ft  4 

fl,7*474F 

no 

ft , 1 *74  OF 

03 

ft  ,57 1 * 1 F 

nn 

'1,7*33*7 

04 

n , ?5*9*F 

no 

ft  , 1 * 1 n*F 

0 3 

fl  ,A7*71F 

nn 

0.74**77 

0 4 

ft ,?*3?*F 

DO 

ft, 1*1*1 F 

n 1 

n ,a*4*af 

nn 

ft ,?43*RF 

04 

0,?*7ft3F 

no 

II.  1*1  n*F 

n 3 

n,AO)A|F 

nn 

n , 73077F 

04 

(1.7770HF 

nn 

(i,  1 *n*  IF* 

n.3 

o.aomjf 

nn 

n , 7 3 4 * * F 

04 

n,?7**nF 

nn 

ft  . 1 *n  1 IF 

n 3 

fl  ,70*7AF 

nn 

ft , 73ft 1 *F 

04 

n , 7* 1 ?nF 

on 

l|  # 1 AQ*  AF 

n 3 

n ,71  7?lF 

on 

ft , 77*7  7F 

04 

n . 7*  **oF 

nn 

ft , 1 *0 ! OF 

n 3 

n, 710?1F 

nn 

n,7?l 44F 

04 

n , 70HAAF 

no 

ft  . 1 A A 7 n F 

n 3 

fl  ,75 >A?AF 

nn 

ft, 7171 AF 

04 

0,?0*5nF 

nn 

ft , 1 5*??F 

03 

ft.73.347F 

nn 

ft,7170*F 

ft  4 

ft  , 3ft  (1 4 3F 

no 

II.  1 A773F 

03 

n ,7  4(ia,3F 

nn 

f ,7(1* RAF 

(14 

n,.3n*4*F 

Oft 

11,  15773F 
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Table  A-VI,  Smooth  Values  of  Sealed  Measured  Blast  Properties  of  Spherical 

Pentolite  In  Free  Air  (Cont'd) 
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Table  A-VI.  Smooth  Values  of  Scaled  Measured  Blast  Properties  of  Spherical 

Pentolite  in  Free  Air  (Cont'd) 
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table  A-VI,  Smooth  Values  of  Sealed  Measured  blast  Properties  of  Spherical 

Pentolit#  in  Free  Air  (Cont'd) 
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n.mispM 

ftP 

ft , AF7 1 ?F 

ftl 

ft  , S ft  4 SftF 

ft? 

n,-Mnmr 

ft  1 

ft  .MM  IF 

..ftp 

n.mpai 7F 

ftl 

ft  , 4 ft  9 9 * F 

ft? 

ft,  4 1 414F 

r t 

ft,407l«F 

ftp 

ft,M94PF 

ft  l 
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ft  . 4 ft  (>  g 4 » 
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ft , 4 4 1S4F 

ft? 

n,47fi*iF 

ft  1 
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n,i*oiiF 
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p t iau*M 
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ft  1 
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ft  1 

ft , 4 1 eo*F 
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ft  1 

0..1M  S4F 

ft? 

ft , ftftft97r 

ft  1 

11.41  ?1  7F 
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n,«n««?iF 

ft  1 

ft  ,?,4Fft7F 
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0 , 9 ? 1 ft  ft  F 

0 1 

11. 4 ft  « IMF 

n? 

ft  1 

ft .1190  IF 

OP 

ft  ,9«7h7F 

ft  1 

ft  , 4 ft  4MF 

ft? 
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ft  1 

ft  ,1.14pAF 
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ft  , 1 ft  ft  1 ft  F 

ft? 

ft , A ftftnpF 

ft? 

n.mpiooF 

ft  1 

ft ,1?F7?F 

ft? 

ft  , 1 ftPftpF 

ft? 

ft.  1 ft  7?  IF 

ft? 

n.frpoisF 

ft  1 

ft.lPIPOF 

ftp 

ft,  1 niftor 

ft? 

ft  , 1 ft  1 * « F 

ft? 

ft,mi414F 

ft  1 

ft  , 7 1 797F 

ftp 

ft,  1 ft  ft  1 0 F 

ft? 

il  , 4 * ft  <1  7 F 

ft? 

n ,*vl0«*9F 

ft  1 

ft. 11 P/4F 

ft? 

ft , 1 ft  7 1 IF 

ftP 

ft  ,1M,W 

n? 

n,"440(iF 

ft  1 

ft  , ,7  f 1 7 ft  7 F 

ft? 

ft  , 1 ft  ft  ft  *F 

ft? 

ft  ,.4,'?*;«f 

ft? 

ft ,m*P?AF 

ft  1 

ft,7ft?"ftF. 

ft? 

ft, 1 1 ft*4F 

ft? 

II,  47911  F 

ft? 

n . mm 7F 

ft  1 

ft,?07AAF 

ft? 

fl , 1 1 744F 

ft? 

ft,  4 7 ft  ft ?F 

ft? 

n.Mll  IF 

ft  1 

ft,?9?MF 

ft? 

ft,  1 1 4?ftF 

ft? 

fl  , 47  ?lhF 

ft? 

ft.SMMF 

ft  1 

ft  .PMOMF. 

ft? 

ft.  1 1 M 4F 

ft? 

ft.  4ftftO.’4F 

t ? 

n,*7??iF 

ft  1 

ft.?M41F 

ft? 

ft  , 1 1 ft  ft  4 F 

ft? 

ft,  Iftftftlft 

up 

n,m?7*4F 

ft  1 

ft  ,?7M*F 

ft? 

ft.  1 ) OOftF 

ft? 

ft,  4 * ? 1 7 F 

ft? 

n,M.i*pe 

ft  1 

ft. 7747* F 

ft? 

ft,  1 7 1 9 P F 

ft? 

ft . IftHF  4F 

f? 

n 

ft  i 

ri.sftoouF 

ftp 

ft.  1 ?19ftF 

ft? 

ft  , 4ft*ft  IF 

ft? 
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T»bl«  A«VI.  Smooth  V*ly««  of  ScAl#dM«uur«d  BUat  Proptrtiu  of  Spherical 

Pmntolitt  in  P*M  Air  (Cont'd)  , 
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XM 
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0 ,47*047 

01 

0,700**!, 

09 

0,943*37 

01 

0, 4*7797 

01 

0,7**997 

*9 

0,0479*7 

"A 

0,474*47 

01 

0,7*1*19* 

*9 

0 ,0*10*7 

"1  , 

0,4*1  itlF 

M 

0,777**7 
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0 ,9* A 1 *F 

HI 

i 0,4*1077 

HI  , 

0,7719*7 

0? 

" 0,oao39F 

01 

0,4*4*47 

0) 

0,7**977 

09 ; 

, 0,0*4*17 

01  ;; 

' , 0 1 4 **7 OF 

0 1 , 

0,7*4707 

09 

0,ft4A**7 

01 , ’ 

0,4*M41F 

HI 

0,7*04*7 

09 

• 0 , 071 i IF 

01 , 

n,4«oooF 

01 

0, 7**947 

09 

0,077497 

01 

0 , 4 OOOOF 

01 

0,7*9047 

0 9 

0,0»t79F 

01 

0 , 4017 1 F 

01 

0,747*77 

09 

r.,0**07F 

"1 

; 0,40*777 

01 

0,741717 

09 

11,000107* 

01  , 

1 0 , 4 07  4 4F 

01 
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A 0047*7 
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! 0,400077 

01 

0,7.1*477 

09 

0,004 j 4F 

Hi 
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01 
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09 
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II 9 
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09 

0,100*07 

09 
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"I 
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09 
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0 , *0*4  47 

01 
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09 
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09 
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01 

0,71 *907 

09 
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09 
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01 
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,0  9 
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09 

0,*1?9*7 

oi 
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09 
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H9 
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09 
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Op 
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01 
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01 
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09 
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09 
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01 

0,7.0  1*07 

09 
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H9 
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0{ 
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09 
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01 
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09 

0,*9h**7 

01 
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01 
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09 
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oi 
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09 
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Ot 
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0? 

0,1 1 **?7 

II? 

n,****iF 

01 

n, *0***7 

09 
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Table  A“VI.  Smooth  Values  of  Scaled  Measured  Blast  Properties  of  Spherical 

Pentolite  In  Free  Air  (Cont'd) 
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op 
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MP 
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np 
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Op 
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OP 
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np 

ftp 

n,**H*iiF 
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TabU  A- VI.  Smooth  Values  of  Scaled  Measured  Blast  Properties  of  Spherical 

Pentolite  in  Free  Air  (Cont'd) 
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Table  A- VI.  Smooth  Values  of  Scaled  Measured  Blast  Properties  of  Spherical 

Pentolite  in  Pree  Air  (Cont'd) 
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DISK  M/KG**l/3  ) 


FIGURE  A- 1 


PEAK  EXCESS  PRESSURE  vs.  SCALED  DISTANCE  in 
FREE  AIR  for  PENTOLITE 


I MP  { KPR-MS/KG**l/3 ) 


DISK  M/KG*#  1 /3  ) 


FIGURE  A- 


SCALED  POSITIVE  PHASE  DURATION  vs  SCALED 
DISTANCE  in  MACH  STEM  REGION  for  PENTOLI TE 
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LIST  OF  SYMBOLS 

. • . ' ii;i  < • i * • ' f ' ; ' 

atj  j-th  decay  coefficient  in  i-th  cubic  equation  (Equation  6) 

A^  sound  speed  (Chapman  Jouguet  property) 

AFX- 103  test  explosive,  non-aluminized 

AFX-702  test  explosive,  aluminized 

Cj  decay  constant  (Equation  4) 

C2  decay  constant  (Equation  5) 

Co,,..,C3  computed  values  of  decay  coefficients  a^Q ai3‘ 

respectively  (see  a^  above) 

1/3 

DCj  scaled  decay  constant  (*  Cj/W  ) 

1/3 

DIST  scaled  distance  (»R/W  ' ) for  computer  generated  curves 

DQ  detonation  energy  available  for  air  shock  (Chapman  Jouguet 

property) 

E shock  front  energy 

i/3 

EN  scaled  shock  front  energy  (=  E/W  ) 

EWF  equivalent  woight  factor 

\ 

E^  internal  energy  (Chapman  Jouguet  property) 

G gage  reading  of  (specified)  air  blast  characteristic 

1/3 

GG  scaled  gage  reading  (=  G/W  ) 

h height  of  explosive  charge 

H-6  standard  aluminized  explosive 


LIST  OF  SYMBOLS  (Cont'd) 

PBX-109  test  explosive,  aluminized 
PM  peak  excess  pressure;  overpressure 

: • ' ■ v 

P^  pressure  (Chapman  Jouguet  property) 

Pq  ambient  pressure 

R distance  from  charge  center  to  measurement  station 

Rq  charge  radius 

SIGMA  standard  deviation 

t elapsed  time  after  arrival  of  shock  front 

t time  of  arrival  of  shock  front 

a 

t positive  phase  duration 

T ambient  temperature 

TA  scaled  time  of  arrival  (a  t /W1^) 

cl 

1/3 

TD  scaled  positive  phase  duration  (=*  t+/W  ) 

Tj  temperature  (Chapman  Jouguet  property) 

wave  velocity  (Chapman  Jouguet  property) 
particle  velocity  (Chapman  Jouguet  property) 

W explosive  charge  weight 

Z scaled  distance  («  R/W*^) 

SUBSCRIPTS 

a used  with  t to  identify  "arrival"  time 

d used  with  all  Chapman  Jouguet  properties  except  DQ; 

identifies  "detonation"  property  of  explosive 

i used  in  a^  to  identify  i-th;  i * 1,2,3,...;  equation 

in  set  of  cubic  equation  with  coefficients 

j used  in  a . . to  identify  j-th;  j - 0,1, 2, 3;  coefficient 

J 
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LIST  OF  SYMBOLS  (Cont'd) 


used  as  required  to  identify  explosive;  s ■ standard, 
x » test;  with  which  any  measurement,  property,  or 
characteristic  is  associated 

used  with  t to  identify  "duration"  time  of  positive  phase 

used  with  P to  define  "ambient"  pressure; 
used  with  R to  define  distance  of  explosive  surface  from 
charge  center,  i.e,,  charge  radius 
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